T
he history of audiology in Germany is closely related to the development of otology. Increasing knowledge of the physiology and pathology of the ear led to the description, at the end of the last century, of several diseases of the outer, middle, and inner ear (Schwartz, 1893) . Determining surgical treatment options for these ear diseases required diagnostic tools to differentiate between conductive and sensorineural hearing loss (Politzer, 1907) . Hence, following World War II, the operating microscope and the audiometer became essential diagnostic tools, launching the close partnership between otology and audiology (Feldmann, 1960) . Changes in diagnostic procedures in otology reflected advances in technology, thereby demonstrating the close cooperation between industry and otolaryngologists. By the close of the 1950s, engineers and physicists were collaborating with otologists in developing a new generation of audiometers and material for speech audiometry. This collaboration formed the basis for partnerships in the development of hearing aids and highly differentiated audiometric tests (Feldmann, 1970) , as well as the establishment of criteria for evaluating noise-induced hearing loss. Ultimately, this collaboration between otologists, engineers, and physicists guided developments in the specialty of audiology.
Before Reunification: East and West German Models
Beginning in 1950, the practice of audiology started to diverge between East and West Germany. In East Germany, otolaryngologists served a special fellowship at a university department to specialize in audiology for one year. In addition to medical treatment and ear surgery, otolaryngologists completing this special course were able to deliver a wide range of audiologic diagnostic (e.g., electric response audiometry, electrocochleography, otoacoustic emissions) and treatment services to children and adults, including the dispensing and fitting of hearing aids. Engineers and physicists were responsible for the technological aspects of audiology and were also actively engaged in research. Audiological assistants (i.e., technicians) actually performed the basic audiometric tests (e.g., pure-tone audiometry, speech audiometry). Special audiologic centers, where outpatients were diagnosed and subsequently treated, were located in the otolaryngology departments of university and larger district hospitals.
In West Germany, professional roles were more clearly separated. While audiometry with adults was performed by audiological assistants (i.e., technicians) under supervision of otolaryngologists, audiometric testing of children was conducted only by otolaryngologists specialized in pediatric audiology who received an additional year of training in this area. In fact, by the end of the 1960s, a new independent medical specialty was established, combining phoniatrics (i.e., speech and language assessment and treatment) and pediatric audiology. The joining of these subspecialties seemed logical due to the interrelationship between speech development and hearing ability in childhood.
In contrast to East Germany, West German otolaryngologists did not have the required technological and acoustical background to support hearing aid selection and fitting. Hence, hearing aid technicians began selecting and fitting hearing aids after attending a special 3-year program in a school in West Germany (the only one of this type in Germany and Europe). Graduates of the 3-year program received a diploma on successfully passing a government board examination. Unlike the situation in East Germany, most outpatient care was provided by otolaryngologists in private practice, rather than in hospitals. In addition to receiving basic audiometric tests, patients were referred to hearing aid technicians for hearing aid fitting. In the last 20 years, an increasing number of university physicists and engineers have become involved in audiological research and technical support. wherein the subspecialty of phoniatrics and pediatric audiology became an independent medical specialty. A resident program for physicians was established, directed to basic otolaryngology with a strong focus on child development, pathophysiology, and treatment for childhood speech, language, and voice disorders.
Over the last decade, several specialized audiological centers have been established in some parts of Germany offering pediatric and otolaryngologic screening to identify hearing disorders. These centers offer a wider range of service than did the former East German centers, including testing for hearing loss using otoacoustic emissions, electrocochleography, and electric response audiometry, as well as cochlear implant rehabilitation programs. The world's largest cochlear implant rehabilitation program is located at Hannover Medical University.
Since reunification, advances have been realized in special preschool and school programs for children who are deaf. Children with hearing loss are integrated in regular school classes with children with normal hearing.
The accumulating knowledge and technological advances in the field of audiology have spawned several allied professions to meet the medical rehabilitation and educational needs of people with hearing loss. A number of different professionals and technical aids are involved in service delivery to people with hearing loss. Each is appropriately certified or registered. Physicians are registered by the regional board of physicians, and nonacademic professionals (e.g., hearing aid technicians) are registered by their national professional organization after having obtained a government license.
Otolaryngologists in private practice are responsible for medical and surgical management and provide basic audiometry. Audiometry, performed by the physician's assistant, includes pure-tone, speech, immittance, and, infrequently, brainstem electrical response audiometry. The main objectives are to differentiate conductive and sensorineural hearing loss, to assess the hearing loss before and after ear surgery, and to refer for hearing aids. Based on audiometric findings, the physician refers patients to hospitals with otolaryngology departments for further diagnostic tests or surgery.
Otolaryngologists practicing in the hospital, especially in university hospitals, deal with differential diagnostics and surgical management of hearing loss. In contrast to the private otolaryngological practice, audiological laboratories in the hospitals have sound-treated chambers fully equipped for electrical response audiometry, electrocochleography, otoacoustic emissions, binaural and directional hearing testing, and specialized assessment of hearing aids. Otolaryngologists practicing in hospitals interpret advanced audiological tests performed by technicians (e.g., otoacoustic emissions, electrocochleography, etc.), prescribe hearing aids, and perform ear surgery. They also engage in research and are called upon to give expert opinions on behalf of legislative bodies or insurance companies. Several centers also perform testing, surgery, and rehabilitation for cochlear implant patients. The otologist with special interest and experience in audiology may be designated a medical audiologist.
Nonmedical audiologists are usually physicists or acoustical engineers with doctoral degrees who work in the large university hospitals. These individuals are responsible for equipment calibration and performing and supervising special tests (e.g., electroacoustic analysis of hearing aids, fitting speech processors for cochlear implants). The position of the nonmedical audiologist has been enhanced by the introduction of computerized testing, digitally programmable hearing aids, cochlear implant programs, new tests in speech audiometry, and otoacoustic emission testing. Clinical research in these areas is also performed by the nonmedical audiologist.
Pediatric audiologists are otolaryngologists who specialize in child development, special hearing tests, speech and hearing disorders, and phoniatric (speech and language) treatment. Working largely at university hospitals, pediatric audiologists test children, perform minor ear surgery, and prescribe hearing aids that are selected and fitted in collaboration with a hearing aid technician. The pediatric audiologist undertakes clinical research in collaboration with nonmedical audiologists.
Assistants in audiology are specialized technicians who have a 3-year college education with emphasis in audiometry, neurotology, and clinical neurophysiology. The assistant performs audiologic and neurotologic tests and aids the physician and nonmedical audiologist. Most assistants work in hospitals.
Hearing aid technicians are specially trained to select and fit hearing aids in children and adults. These technicians typically dispense hearing aids in their private shops. The technician selects the proper device for the individual, based on the physician's prescription and audiometric data. This individual also performs in-situ measurements of gain and frequency transfer functions. Otolaryngologists in private practice and at the hospitals do not stock hearing aids.
Speech and hearing therapists participate in the rehabilitation of patients who are deaf or have hearing loss, providing treatment for concomitant speech and language disorders, as well as auditory training to optimize residual or restored hearing capabilities (e.g., due to use of cochlear implants). The vast majority of therapists are hospital employees; a few work in private practice. They are trained for 3 years at special schools that are usually attached to large university hospitals with departments of otolaryngology and phoniatrics. They graduate after passing an examination under government supervision.
Future Prospects
With the introduction of the European Common (EC) Market in 1993, a professional meeting minimum EC educational requirements may work in his or her profession anywhere in Europe. This privilege will require standardization of disparate regulations in training, education, and audiological practice, as they presently exist across Europe. European standards are the subject of discussion at meetings of the European Society of Audiology (ESA), which is acting as an umbrella organization dedicated to a united Europe in the field of audiology.
The profession of audiology will undergo changes to adapt to the new EC standards. A major change will focus on the medical subspecialty of phoniatrics and pediatric audiology, a subspecialty that does not exist in any other EC country. Although there is great need for this otolaryngologic specialization, concern has been raised regarding the separation of this specialty from the mainstream of otolaryngology practice.
